T present the excision of acoustic neuromas and other tumors of the cerebellopontine angle (CPA) is based on three surgical approaches. The suboccipital approach is rapidly performed, but demands that the patient be placed in a lateral, sitting, or semisitting position. This exposes the patient to the possibility of air embolism and above all, direct retraction of the cerebellum, which is potentially traumatizing, particularly if the tumor is large. 6, 16, 38 The suboccipital approach frequently causes considerable and persistent postoperative headache associated with cervicalgia. 16, 37 However, most neurosurgical teams still use this approach because it permits all types of tumors, regardless of size, to be excised without automatically sacrificing the hearing function. 2, 3, 13, 14, 25, 28, 30, 36 The middle cranial fossa approach is a route to the internal auditory meatus (IAM) and its contents via its roof 22 and is essentially an extradural approach. An enlarged middle cranial fossa approach allows the surgeon to open the roof of the CPA after dissection of the superior petrosal sinus to excise tumors protruding from the internal acoustic porus. 18, 38, 39, 54 Technically, it is a difficult approach and hemostasis in the inferior part of the CPA is a delicate procedure. Furthermore, the retraction of the temporal lobe, even extradurally, is not without risk, especially in elderly patients. The translabyrinthine approach has led to the formation of otoneurosurgical teams. 4, 9, 17, 23, 34, 46 The surgical exposure of the CPA via this route does not require direct retraction or compression of the cerebellum and brainstem, 9, 26 and defects of the facial nerve trunk can be managed by its transposition or transplantation. The principal disadvantage of this approach is the inevitable sacrifice of labyrinthine function caused by more accurate localization of the facial nerve, and above all the loss of a degree of surgical safety, which predominates over the other purely functional considerations. 6, 9, 46 The main drawback in the development of the translabyrinthine route is the risk of a cerebrospinal fluid (CSF) fistula resulting from the opening of the temporal bone air cell system, which is in contact with the cistern of the CPA. 9, 15, 31 Our experience with the use of fibrin glue over a 10-year period has demonstrated a considerably reduced risk of CSF leak, to less than 4%. ߜ For many years, the retrolabyrinthine approach has been limited to functional surgery of the cerebellopontine angle (CPA). As a result of the increased surgical exposure, particularly the opening of the internal auditory meatus (IAM), the widened retrolabyrinthine technique permits tumor excision from both the CPA and the IAM, regardless of the histological nature of the tumor. The authors have treated 60 acoustic neuromas of varying sizes via this approach (6% intrameatal tumors; 30% Ͼ 25 mm in diameter). The postoperative mortality rate was 0%. The risk of fistula formation was 3.3%, and 3.3% of the patients suffered from postoperative meningitis. The results for facial nerve function were equivalent to those obtained previously via a widened translabyrinthine approach and those in a series treated via a suboccipital approach (80% with Grades I and II, 15% with Grade III, and 5% with Grades V and VI). One patient (1.7%) required a secondary hypoglossal-facial nerve anastomosis and had attained a Grade IV result 6 months later. Postoperatively 21.7% of these patients maintained socially useful hearing and 20% had mediocre hearing. Socially useful hearing was preserved in 50% of a subgroup of 20 patients who had both good preoperative hearing and a tumor that involved less than half of the IAM regardless of its volume. Additionally, 15% had mediocre hearing that could be improved with hearing aids.
The middle cranial fossa approach is a route to the internal auditory meatus (IAM) and its contents via its roof 22 and is essentially an extradural approach. An enlarged middle cranial fossa approach allows the surgeon to open the roof of the CPA after dissection of the superior petrosal sinus to excise tumors protruding from the internal acoustic porus. 18, 38, 39, 54 Technically, it is a difficult approach and hemostasis in the inferior part of the CPA is a delicate procedure. Furthermore, the retraction of the temporal lobe, even extradurally, is not without risk, especially in elderly patients. The translabyrinthine approach has led to the formation of otoneurosurgical teams. 4, 9, 17, 23, 34, 46 The surgical exposure of the CPA via this route does not require direct retraction or compression of the cerebellum and brainstem, 9, 26 and defects of the facial nerve trunk can be managed by its transposition or transplantation. The principal disadvantage of this approach is the inevitable sacrifice of labyrinthine function caused by more accurate localization of the facial nerve, and above all the loss of a degree of surgical safety, which predominates over the other purely functional considerations. 6, 9, 46 The main drawback in the development of the translabyrinthine route is the risk of a cerebrospinal fluid (CSF) fistula resulting from the opening of the temporal bone air cell system, which is in contact with the cistern of the CPA. 9, 15, 31 Our experience with the use of fibrin glue over a 10-year period has demonstrated a considerably reduced risk of CSF leak, to less than 4%. 4, 12 J Neurosurg 86:812-821, 1997
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The widened retrolabyrinthine approach: a new concept in acoustic neuroma surgery ߜ For many years, the retrolabyrinthine approach has been limited to functional surgery of the cerebellopontine angle (CPA). As a result of the increased surgical exposure, particularly the opening of the internal auditory meatus (IAM), the widened retrolabyrinthine technique permits tumor excision from both the CPA and the IAM, regardless of the histological nature of the tumor. The authors have treated 60 acoustic neuromas of varying sizes via this approach (6% intrameatal tumors; 30% Ͼ 25 mm in diameter). The postoperative mortality rate was 0%. The risk of fistula formation was 3.3%, and 3.3% of the patients suffered from postoperative meningitis. The results for facial nerve function were equivalent to those obtained previously via a widened translabyrinthine approach and those in a series treated via a suboccipital approach (80% with Grades I and II, 15% with Grade III, and 5% with Grades V and VI). One patient (1.7%) required a secondary hypoglossal-facial nerve anastomosis and had attained a Grade IV result 6 months later. Postoperatively 21.7% of these patients maintained socially useful hearing and 20% had mediocre hearing. Socially useful hearing was preserved in 50% of a subgroup of 20 patients who had both good preoperative hearing and a tumor that involved less than half of the IAM regardless of its volume. Additionally, 15% had mediocre hearing that could be improved with hearing aids.
Because of its efficacy in preserving hearing, the authors favor the retrolabyrinthine over the occipital approach, with the latter being considered less subtle and more aggressive.
As a result of anatomical studies and comparisons between radiological and surgical findings, we believed it was possible that a surgical approach could be developed that offered the advantages of the translabyrinthine approach without the automatic sacrifice of the posterior labyrinth and consequently of hearing. 4, 5, 11 This route is called the "widened retrolabyrinthine approach" and represents the evolution of the retrolabyrinthine route described by Hitselberger and Pulec 20 in 1972, later elaborated by Silverstein and colleagues [40] [41] [42] with a view to the purely functional procedures of eighth and fifth cranial nerve neurectomy. The fundamental difference between our conception of the widened retrolabyrinthine approach and that of the retrolabyrinthine route used in functional CPA surgery is the importance of retrosigmoid occipital drilling and, most important, the enlarged exposure of the IAM and its contents. Also, the widened retrolabyrinthine approach does not require a transection of the sigmoid sinus like the petrooccipital transsigmoidal route described by Mazzoni and Sanna. 32 In this paper we report our experience with the widened retrolabyrinthine approach in 60 patients with acceptable hearing who underwent operation for tumors less than 35 mm in diameter in the CPA.
Clinical Material and Methods

Patient Population
Sixty patients (32 women and 28 men) with a mean age of 53 years underwent operation for histologically confirmed acoustic nerve schwannomas ( Table 1) . The tumor size and hearing levels were evaluated according to the guidelines of the American Academy of Otorhinolaryngology/Head and Neck Surgery, as advocated in 1995. According to these criteria, the size of the tumor is equal to the square root of the product of the largest diameter of the extrameatal tumor measurement, taken parallel to the posterior aspect of the petrous bone, and multiplied by the largest diameter measured perpendicularly to the first one. Tumors strictly confined to the IAM were termed intrameatal.
In our series four patients (6.6%) had intrameatal tumors exclusively, whereas 38 patients (63.3%) had large tumors more than 20 mm in diameter in the CPA, nine (15%) of which were more than 30 mm in diameter (Fig. 1) .
Tumor penetration into the IAM was categorized into three grades: Grade 1, tumor volume occupied less than half of the IAM (22 cases, 36.6%); Grade 2, tumor spared the fundus of the IAM, and a liquid frame was visualized on T 2 -weighted magnetic resonance (MR) imaging (19 cases, 31.7%); and Grade 3, tumor filled the entire IAM (19 cases, 31.7%).
Hearing levels were categorized into four classes (A, B, C, and D) using pure tone average (PTA) and speech discrimination score (SDS): Class A, PTA less than 30 dB, SDS greater than 70%; Class B, PTA 30 to 50 dB, SDS greater than 50%; Class C, PTA greater than 50 dB, SDS greater than 50%; and Class D, PTA any level, SDS less than 50%.
Audiometric testing was performed the night before surgery and 6 months postoperatively. It is necessary to allow this time to elapse to permit the muscular fragment left in the aditus ad antrum perioperatively to disappear, thus reversing the effect it has on the air/bone gap.
Surgical Procedure
The patient was placed supine with the head turned at an angle of 70˚. The patient's head was monitored in a Gardner frame (Fig. 2 upper left) . The NIM II (Xomed Treace Co., Memphis, TN) and the Racia OPALARM (Racia, Bordeaux, France) were used simultaneously to monitor the facial nerve. No prophylactic antibiotic drugs or lumbar drainage were used. The skin incision was made in the form of an inverted L and was situated in the supraand retroauricular region. It was placed 3 cm above the auricle and 10 cm behind the external acoustic meatus and sited within the scalp region. Inferiorly, the incision sloped away from the auricle, maintaining distance from the actual operative site. The myocutaneous flap was elevated in one layer as far as the temporooccipital muscles. The occipital and mastoid insertions of the sternocleidomastoid muscle and those of the deeper splenius capitis and complexus were incised with cutting electrocautery. Coagulation of the occipital artery was performed if bleeding from it occurred, and hemostasis of the mastoid emissary vein was also attained.
The craniotomy was performed with an air drill and burr under continuous irrigation. A 4.5-cm craniotomy was made through the occipital and temporal squamous bones, running superiorly 1 cm above the linea temporalis, anteriorly along the superior and posterior edge of the external ear canal toward the mastoid process, and posteriorly 4 cm behind the sigmoid sinus. The temporal dura mater, the sigmoid sinus, then the retrosigmoid dura mater were disengaged and peeled from their osseous shells ( Fig. 2 upper right) .
The antrotomy was completed with the aid of the oper- ating microscope, and the mastoid portion of the facial nerve and components of the posterior labyrinth (lateral and posterior semicircular canals) were dissected. The sigmoid sinus was traced and skeletonized with a diamond burr as far as the jugular bulb, which was laid bare. The dura mater located below the sigmoid sinus was detached widely from the occipital bone to deepen the hollow of the posterior fossa, because later the pontocerebellar cistern was depleted. The angle of approach to the IAM was determined by the quality of this dissection of both veins and dura. The progressive detachment of the dura tightened the saccus endolymphaticus, highlighting it. Because it blocked access to the IAM, the saccus endolymphaticus was divided. A progressive section was performed using a Beaver knife without suction and with simultaneous injection of fibrin glue into the duct. Deliberate puncture of the dura mater at the dural insertion of the saccus endolymphaticus emptied the subarachnoid space of the CPA, and resulted in deepening the posterior fossa, which is essential for adequate surgical exposure. In large tumors CSF was identified in the cochlear aqueduct, after which the dura could be easily detached from the posterior face of the petrous pyramid, permitting access to the internal acoustic porus. The cutting burr was used to skeletonize the posterior semicircular canal, first in its posterior aspect and then its medial wall, following the direction of the vestibule.
The progressive drilling of the retrolabyrinthine block destroyed the subarcuate artery, which was located next to and a little above the IAM. The dura of the IAM was located through the bone by its blue-gray appearance. The drill was used to create two extradural osseous tunnels above and below the IAM. These tunnels were drilled out
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The widened retrolabyrinthine approach to acoustic neuroma medially, the SS laterally, the JB caudad, and the temporal dura (TD) cephalad to the tumor frame the approach to the IAM (labeled MAI) and the tumor(T) in the CPA.
as far as possible toward the apex of the petrous pyramid. The IAM dura was opened on its posterior face along its longitudinal axis and at a distance from the presumed position of the nerves (Fig. 2 lower left) . The neuroma appeared after the two lips of the dura had been split open. The preservation of the posterior labyrinth prevented a direct view into the depths of the IAM (Fig. 3) .
Dissection and excision of the tumor from the IAM was performed by the otologist, whereas the opening of the dura mater in the posterior fossa and tumor excision from the CPA were performed by the neurosurgeon (Fig. 2  lower right) . The duration of surgery using this approach was approximately 2 hours.
The closure technique was quite elaborate and required 5 ml of fibrin glue. An abdominal fatty tissue graft was obtained via a subpubic skin incision. The air-containing cells located in the region of the IAM were very carefully filled with wax. A compact fragment of fatty tissue with a diameter of 2 to 3 cm was placed in the free space of the retrolabyrinthine region and in locations in which there was a loss of meningeal substance. The graft was coated with tissue glue to ensure a good seal. Access to the middle ear was then prevented, preserving the latter intact. With this in mind, the antrum and aditus were blocked with fragments of glue-coated aponeurosis. The drilled occipital squamous bone was partially reconstructed with a mixture of bone powder and glue. The rest of the fatty tissue graft filled the entire cavity and was stabilized with 2 ml of glue. A compression bandage was applied for 8 days.
Results
Postoperative morbidity rates were very low. We observed two cases of CSF rhinorrhea, one of which required a surgical revision with closure of the defect by means of bone wax and fibrin glue. This patient, whose hearing had been preserved, has had no recurrence of the fistula and her hearing remains unchanged (Case 37). The second case of fistula was treated with repeated lumbar puncture, bed rest, liquid restriction, and bed elevation (Case 52). * Improvement is noted with the passing months. Three patients improved between I2 and I8 months. However, one patient did not recover at all and required an anastomosis from cranial nerve 12 to seven.
We observed two cases of purulent meningitis caused by Staphylococcus epidermidis. Both patients improved rapidly after administration of a course of antibiotic medications consisting of fosfomycin and cefotaxime over a 12-day period. Two other patients presented with infection of the fatty tissue graft in the operative cavity but neither had a CSF fistula, rhinorrhea, or meningitis (Cases 43 and 56). This superinfection required surgical revision with removal of the infected graft. Causal organisms were S. aureus and Proteus mirabilis, indicative of perioperative contamination. These patients recovered completely within 10 days.
The excision of abdominal fatty tissue caused three local hematomas (5%, Cases 7, 13, and 55). Local treatment resulted in improvement without further surgical intervention in two cases. A surgical drain was necessary in the third patient (Case 55).
Preoperative facial nerve function was evaluated clinically. Two patients had clinically detectable paresis (Cases 57 and 60) and two others with huge tumors also showed impairment of the trigeminal nerve. One of these patients had intact hearing (Case 52) and the other had an ipsilatera1 high-frequency sensorineural hearing loss (Case 59). The anatomical continuity of the facial nerve was preserved in all cases.
Postoperative facial nerve function was evaluated using the House and Brackmann 23 grading system at Day 1 postsurgery and at 12-and 18-month intervals thereafter. At the first evaluation 47 patients (78.3%) had normal or subnormal function (Grades I and II). Nine patients (15%) had a subtotal or total facial paralysis (Grades V and VI) ( Table 2) .
We noted 80% normal or subnormal facial functions (Grades I and II) 12 and 18 months postsurgery. After 18 months, nine patients (15%) were classified as Grade III because of synkinesis and a marked tendency to postparalytic spasm. Two of these patients required repeated injections of botulinurn toxin (Cases 49 and 60). Four patients had poor facial function (Grades IV-VI) 12 months postoperatively. Facial function improved in three of them. One patient (Grade VI) required a hypoglossal-facial nerve anastomosis (Case 59). This patient had clinically observed abnormal facial function preoperatively. Six months after transplantation she had a facial nerve function comparable to Grade IV. Tables 3 and 4 . Nine patients kept their hearing absolutely intact (Class A-A, Class B-B). Sixteen patients (26.6%) maintained good hearing, four (6.6%) of them adequate hearing (Class A-B). The remaining 12 (20%) required hearing aids (Class C) ( Table 3) .
Hearing outcomes are listed in
Patients in Class C preoperatively all progressed to deafness (17 of 17 cases). Of 11 patients with Class A hearing preoperatively, hearing was preserved in five cases, partially lost in five cases (Class B or C), and one patient became completely deaf (Class A-D). Of 32 patients with Class B hearing preoperatively, hearing was maintained in four (12.5%), but the majority became partially or totally deaf (17 cases, 53.1%). The remaining patients benefited from the use of hearing aids. If we segregate a subgroup of 20 patients with Class A (seven cases) or Class B hearing (13 cases), who had tumors occupying less than half the IAM (Grade I), 50% of this subgroup preserved adequate hearing after surgery, four of them in Class A and six of them in Class B. In four cases a hearing aid was necessary (Class C), and in six cases the deafness was subtotal (Table 4) . Regarding tumor volume, 10% were intrameatal, 35% of the tumors measured from 0 to 19 mm in the CPA, 50% were between 20 and 30 mm, and the remaining 5% were larger than 30 mm (Table 1) .
Postoperative computerized tomography (CT) scanning demonstrated a gap either in the vestibule (8.3%) or in the crus communae (3.3%) in seven cases (11.6%). In five cases of penetrating neuroma it was possible to expose four-fifths of the IAM under direct vision. In four of these lesions it was not possible to preserve hearing. However, in one case in which the neuroma did not exceed four-fifths of the IAM, the exposure was feasible without hearing loss (Fig. 4) .
All of our patients underwent MR imaging at 1 and 12 months postsurgery. Repeated MR imaging is planned at 5-year intervals. So far there has been no evidence of recurrence or radiological evidence of residual tumor. The dropout rate is 0% with an average follow-up period of 32.2 months and a range of between 18 and 53 months.
Discussion
Since 1989 we have used the widened retrolabyrinthine approach in the treatment of nonschwannoma lesions of the CPA. 11 The fact that we have achieved hearing preservation in most cases encouraged us to extend the use of this technique to acoustic neuroma surgery beginning in 1990, although most surgical teams limit the use of the retrolabyrinthine approach to functional surgery 8, 41, 42, 53 or to excision of meningiomas of the sigmoid sinus or lesions of the clivus. 10, 19, 35, 40, 43 All 60 patients treated had a preoperative SDS greater than 50% (Classes A, B, and C). This was our only selection criterion for use of this approach when we began to study this surgical route. Tumor invasion of the IAM was not considered to be a decisive factor. In fact we wanted to become acquainted with the technical limits of this access by using it for removal of tumors of varying sizes and with various grades of invasion of the IAM.
Our results demonstrate that the widened retrolabyrinthine approach allows for tumor excision regardless of size. If tumor exposure proves difficult, particularly in a very medially localized tumor, the posterior labyrinth can be easily and rapidly drilled out to obtain a translabyrinthine exposure.
To bypass the dead angle created by the preserved labyrinth, the widened retrolabyrinthine approach necessitates more deliberate rotation of the patient's head (at least 60˚) and more extensive drilling of the occipital squamous bone, permitting increased extradural exposure of the posterior fossa inferiorly, thus visually increasing the angulation to the medial part of the IAM.
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The widened retrolabyrinthine approach to acoustic neuroma 817 The expansion of the tumor within the IAM in rare situations may require direct inspection of the fundus. The location of the facial nerve itself may sometimes also require verification. 6 The easier exposure of the facial nerve is indeed one of the main advantages of the transtemporal approaches in comparison with the suboccipital approach. If it is not possible to dissect the tumor easily from the neurovascular structures in the depth of the IAM, there is little hope of preserving hearing. In such a case, it would seem reasonable to proceed to a translabyrinthine approach. However, the exposure attained via the widened retrolabyrinthine approach usually permits total tumor excision, even if surgical excision in the depth of the IAM requires a mirror or a 30˚ or 70˚ endoscope. 29, 33 This same requirement also exists in the suboccipital route, through which a complete exposure of the IAM is not feasible without producing a labyrinthine lesion. 24, 44, 45 In fact, as with the widened retrolabyrinthine approach, it is rarely possible to visualize directly more than two-thirds of the lateral wall of the IAM using this access. 1, 27 The widened retrolabyrinthine approach, as with the transtemporal access, preserves the advantages that have contributed to the success of the translabyrinthine approach. In particular, the avoidance of unnecessary retraction of the cerebellum, the extradural and direct access to the IAM and the tumor, the possibility of dissection and transposition of the jugular bulb, 6 the easier management of the infratemporal facial nerve and its transplantation 6 if required, and finally the rarity of postoperative headache and cervicalgia, 16, 37 all recommend this approach. The disadvantages of the widened retrolabyrinthine approach have to be analyzed in comparison with those of the translabyrinthine approach and suboccipital approaches. Theoretically there is a higher risk of CSF leakage 41, 42 with our approach. This risk demands an even more scrupulous closure than in the translabyrinthine approach, because the eustachian tube and middle ear will not be closed. From our experience, the risk of fistulas seems to be very low. Our two cases of fistula date from the beginning of our experience. In the last 40 surgically treated cases we did not observe any CSF leakage. We think that preservation of the labyrinth intact guarantees a better quality of closure, because it represents a supplementary obstacle as well to the lateralization of the fatty tissue packing that closes the CPA and thus to the passage of fluid toward the nasopharynx. The use of fibrin glue, which facilitates the adherence of fatty packing to the osseous and dural walls of the access, may explain the rarity of CSF fistulas in our practice with the trans-and retrolabyrinthine approaches. 12 In fact, there is no approach to the CPA without the risk of fistula formation. The transtemporal routes are criticized because they broadly expose the air cell system. According to the literature this risk is estimated at between 4% and 9.6%. 9, 17, 46 However, the suboccipital approach has the same risk, with figures of 5 to 15% reported in the literature. 2, 10 The middle cranial fossa approach also has a substantial risk of leakage. In 253 cases Shiobara, et al., 39 estimated the risk to be on the order of 15%, with one-third of these cases requiring a surgical revision.
The risk of meningeal superinfection is associated equally with perioperative contamination and with fistula formation. Its occurrence does not depend on the approach (3-8%). 2, 9, 41, 42, 46 The two cases of meningitis in our study (3.3%) were caused by perioperative superinfection with a cutaneous organism and occurred independently of fistula formation. The contamination may be due to manipulation during access or to the abdominal fatty tissue graft excision. The three cases of superinfection of the surgical access route and fatty graft, with no sign of fistula or meningitis, demonstrate the importance of asepsis in obtaining the fatty graft. They also show the quality of the seal of this osseous access with compact fatty packing. In all three cases there was no evidence of superinfection of the meningeal spaces, in spite of significant suppuration externally.
The absence of perioperative death emphasizes the relatively minor aggressive nature of the transtemporal approaches in CPA surgery. 7, 9, 50 Mortality rates seem to be slightly more significant in the suboccipital approach, in which compression of the cerebellum may cause an edematous or hemorrhagic complication.
2,10
The results with regard to postoperative facial nerve function were qualitatively equivalent to those obtained using the translabyrinthine approach. 4 Furthermore, any difficulty experienced in exposing the facial nerve in the IAM necessitated the widening or conversion of the widened retrolabyrinthine approach into a translabyrinthine approach. These results correspond to those in the literature, as well as to those of the suboccipital and translabyrinthine approaches. 6, 7, 9, 46, 55 The postoperative facial nerve function seems to be normal or subnormal in relation to the tumor volume in 42 to 83% of patients. 2, 6, 9, 31, 46 Theoretically, the risk of facial nerve damage is higher with the middle cranial fossa approach, because the nerve is exposed above the tumor. 9 Authors who advocate this approach report 70 to 79% of normal or subnormal postoperative facial nerve function. 18, 38, 39, 55 However, it is difficult to manage very large tumors via this route, these being the lesions with the highest risk of damage to facial nerve function. 4, 9 With regard to hearing preservation, only 21.7% of our patients have socially useful hearing postoperatively (Class A + Class B). This result may seem disappointing, but it has to be compared with the preoperative hearing level on the one hand (only 71.6% of the patients had Class A or B hearing preoperatively) and on the other hand it should be interpreted in relation to the size of the tumors excised (15% of the patients had a tumor Ͼ 30 mm in size). Also, tumor size seems to be a factor denoting poor prognosis according to most authors. 3, 25, 28, 51, 52 According to Wade and House, 51 the factors favoring hearing preservation are the following: 1) tumor diameter of less than 1.5 cm in the CPA; 2) PTA threshold greater than 30 dB; and 3) SDS greater than 70%. These criteria are reported to be essential by others. 10, 14, 49, 52 We can add to these criteria the absence of invasion of the IAM, or at least in relation to the depth of this invasion. This also seems to be a determining factor with regard to neuroma excision via the suboccipital approach. 28 Patients with small, poorly penetrating tumors of the IAM can very often maintain their hearing either totally or partially intact (21-71% of cases). 3, 28 The chances of hearing preservation fall below 20% if these criteria are not fulfilled. Applying selective criteria, we noted that the subgroup of patients evaluated according to the criteria of hearing level and tumor penetration did particularly well even if their tumors were large.
The simple 6, 22, 44 as well as the extended 38,39,50,51,54 middle cranial fossa approach also allows the preservation of hearing. The resection of small, strictly intrameatal tumors via the middle cranial fossa allows a total or partial hearing preservation in 60 to 75% of cases. The extended middle cranial fossa approach does not allow the same amount of hearing preservation because it is used for more extensive tumors. Only 25% of patients preserve useful hearing with a PTA greater than 50 dB. 42 These figures do not seem to be better than those of our series or those reported by most authors using the suboccipital approach. The applied audiometric criteria, namely PTA and SDS, often tend to overestimate the results, because hearing levels less than 40 dB on PTA are not very useful if, as is frequently the case, the contralateral ear is normal. 47 Therefore a surgeon must not attempt to preserve such hearing at the cost of the quality of tumor excision in the depth of the IAM. This points out the importance of an access that, unlike the middle cranial fossa approach, allows variation of the surgical exposure at any time according to the needs of complete tumor excision. The disappointing aspect of our global hearing results has to be seen in relation to our initial difficulties in preserving the anatomy of the labyrinth intact (Fig. 4) . We believe that these results can be improved as our experience increases, aided by perioperative hearing monitoring. Because sacrifice of the saccus endolymphaticus could theoretically cause fluctuating deafness or a progressive hearing loss, 25 we are at present evaluating the long-term results after 2 and 3 years. Our initial results would indicate that patients whose hearing is preserved have no further hearing loss over the subsequent months. But as yet the follow-up period is too short for comparison with the stability of hearing preservation that is seen in the suboccipital approach. According to Tucci and colleagues, 48 hearing preservation is stable in only 70% of patients in the long term.
In considering the surgical approach to an acoustic neuroma, it is important to take into account three criteria, of which one is essential and two are additional. The essential criterion is hearing. It must be "preservable," that is, Class A to B hearing. In cases with Class D hearing, we always use the translabyrinthine approach.
The first of the additional criteria is the anatomy of the petrous pyramid. A high-resolution CT scan (bone windows) allows evaluation of the pneumatization of the retrolabyrinthine bone block, the size of the IAM, and the angulation of its posterior wall in relation to the posterior wall of the petrous pyramid itself. The more closed this angle, the more difficult it will be to visualize the depth of the IAM, a problem that also occurs with the suboccipital approach. The CT scan allows the position of the jugular bulb to be judged, thus helping us assess the feasibility, not present in the suboccipital approach, of carefully transposing the bulb if the contralateral venous drainage proves to be sufficient on MR imaging.
Imaging techniques also influence the choice of access, if for example a platybasia or Arnold-Chiari deformity is revealed, which renders the exposure of the posterior fossa much more difficult via a suboccipital approach, but not via a retro-or translabyrinthine approach.
The second additional criterion is the tumor invasion of the IAM. From our experience, deep tumor invasion of the IAM, even if this does not correlate with the preoperative hearing levels, would be a contraindication to the widened retrolabyrinthine approach. The results of hearing preservation in the whole group and in the subgroup of 20 patients without deep tumor invasion exemplify this. Apart from the uncertain outcome with regard to hearing, the risk of leaving a tumor rest in the depth of the IAM is significant just as with the suboccipital approach. If dissection is complete as far as the fossa cochlearis, the probability of preserving hearing decreases, more as a result of a precarious vascular supply than of any specific anatomical lesion of the cochlear nerve itself. That is why in the case of deep tumor invasion of the IAM we now prefer a translabyrinthine approach. This approach can be used either from the start or alternatively, after enlargement of the widened retrolabyrinthine approach.
Conclusions
At present, our philosophy with regard to our surgical approach to an acoustic neuroma is essentially determined by the patient's preoperative hearing level. If it is poor (Class C or D) we choose on principle the translabyrinthine approach, in particular if the tumor reaches deeply into the IAM. In all other cases we use the widened retrolabyrinthine approach. Conversion to a translabyrinthine approach may be decided intraoperatively, if it is not possible to expose the tumor directly or to visualize it with an endoscope, or if its lateral pole cannot be removed with certainty.
The widened retrolabyrinthine approach allows the surgeon to remove neuromas of any size without sacrificing every hope of hearing preservation. For us, it has taken the place of the suboccipital approach, which does not offer the same degree of flexibility.
